Functional and morphological characteristics of compensated and decompensated cardiac hypertrophy in dogs with chronic infrarenal aorto-caval fistulas.
The relation between cardiac hypertrophy, shunt size, myocardial contractility, capillary density, adrenergic responsiveness, and neurohumoral stimulation was evaluated in dogs with compensated and decompensated cardiac hypertrophy caused by an infrarenal aorto-caval shunt. Shunt size varied from 5 to 35 mm2 due to an inability to create a uniform size. Dogs that developed heart failure within 4 months had 25 +/- 2 mm2 shunts, whereas those that developed it after 4 months had 19 +/- 3 mm2 shunts; those that did not develop heart failure had 10 +/- 1 mm2 shunts. Hypertrophy developed at the same rate in all the dogs that developed heart failure, which occurred at a critical heart weight (hypertrophy) for a given load (shunt size). In the dogs with heart failure there was a decrease in myocardial contractility (tension = 5.7 +/- 0.6 vs. 7.3 +/- 0.3 g/mm2, p less than 0.05), a decrease in adrenergic responsiveness (maximal heart rate with isoproterenol = 203 +/- 7 vs. 249 +/- 5 beats/min, p less than 0.01), an increase in circulating neurohormones, and a decrease in urinary sodium excretion (0.4 +/- 0.1 vs. 5.0 +/- 1.3 meq/3 hr, p less than 0.01). None of these abnormalities occurred in dogs with compensated hypertrophy. There were no differences in cardiac capillary density between the control dogs and the dogs with compensated cardiac hypertrophy or heart failure. Thus, it would appear that if heart failure is to develop after an initial toleration of a sudden volume overload, it will develop at a given combination of cardiac hypertrophy and volume overload, with cardiac hypertrophy developing at the same rate in all cases. In this model, once heart failure develops, myocardial contractility and cardiac adrenergic responsiveness are decreased and there is pronounced neurohumoral activation. All these changes are absent in hearts with compensated hypertrophy.